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Bacterial adhesion and bioﬁlm formation by Salmonella enterica serovar Enteritidis is a serious concern in
the food processing industry; organism persistence in bioﬁlms represents a continual source of
contamination. Due to unsuccessful disinfection processes and emerging resistance, conventional control
methods are rapidly becoming ineffective, necessitating the development of new control strategies. The
following study evaluated the anti-bioﬁlm effect of disinfectant solutions formulated with essential oils
(EOs) of peppermint (Mentha piperita) and lemongrass (Cymbopogon citratus) against bioﬁlm formation
by S. enterica serotype Enteritidis S64 on stainless steel surface AISI 304 (#4) after 10, 20 and 40 min of
contact. A minimum inhibitory concentration (MIC) of 7.8 mL/mL was found for both EOs and disinfectant
solutions were formulated based on these MIC values. Ten minutes of sanitizing solution contact
signiﬁcantly reduced (p  0.05) adhered bacterial populations for both EOs tested. After 20 and 40 min of
treatment, cell counts were not detected. Thus, M. piperita and C. citratus EOs can be considered
convenient, quality alternatives to the application of conventional sanitizing agents in the food industry;
further, use of these EOs addresses the increasing consumer demand for natural products.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Salmonella enterica serotype Enteritidis is one of the most con-
cerning Salmonella serovars, and human foodborne infections with
this microorganism have been increasing world-wide over the past
30 years. Contamination during manufacture or preparation may
result from direct contact with contaminated food, handlers or
from the environment, as in the case with contaminated surfaces
and equipment in industrial ambient or kitchen settings (Lázaro,
Reis, Pereira, & Rodrigues, 2008).
Several studies have lead to the discovery that Salmonella species
are capable of adhering to materials and forming bioﬁlms on a wide
range of food-contact surfaces and equipment in the food processing
environment (Chia, Goulter, McMeekin, Dykes, & Fegan, 2009; Jun
et al., 2010). Currently, bioﬁlms are deﬁned as consortia of micro-
bial cells that are attached to a biotic or abiotic surface and enclosed
inhydrated extracellularpolymeric substances (EPS) (Coenye&Nelis,
2010). Microorganism attachment and the subsequent development5 19 3521 3983; fax: þ55 19
liveira).
sevier OA license.of bioﬁlms in food processing environments represent potential
sources of contamination, posing a signiﬁcant concern to the food
industry; spoilage and pathogenic bacteria can be easily removed
from bioﬁlms and contaminate food products, causing reduced
product shelf-life and diseases transmission (Shi & Zhu, 2009).
Bacteria in bioﬁlms exhibit enhanced resistance to adverse
conditions; sessile microorganisms are more difﬁcult to mechan-
ically remove from food-contact surfaces and are more resistant to
conventional antibiotic and disinfectants compared to planktonic
forms (Costerton, Lewandowski, Caldwell, Korber, & Lappin-Scott,
1995). Although general current hygiene operations applied in
the food industry are assumed to control bioﬁlm formation, it
appears that routine cleaning is not completely effective (Shi & Zhu,
2009; Sinde & Carballo, 2000). Furthermore, the use of chemical
detergents and disinfectants depends on their efﬁcacy, safety and
toxicity, corrosive effects, ease of removal and the subsequent
sensory value effects on the ﬁnal products (Møretrø et al., 2009).
Conventional cleaning and disinfection regimes may also
contribute to antimicrobial resistance dissemination, due to insuf-
ﬁcient bioﬁlm control. Consequently, new control strategies are
constantly emerging. In particular, the use of biosolutions con-
taining enzymes, phages, interspecies competitions, microbially-
derived antimicrobial compounds (Simões, Simões, & Vieira,
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Skandamis, Haroutounian, & Nychas, 2008) has increased.
Growing negative consumer perception against synthetic
compounds has led to the search for natural alternatives. In this
context, essential oils (EOs) emerge as feasible alternative natural
disinfectants solutions employed in bioﬁlm control (Oliveira,
Brugnera, Cardoso, Alves, & Piccoli, 2010). EOs are complex,
natural compounds that exhibit powerful antibacterial properties;
they are characterized by a strong odor and are formed by aromatic
plants as secondary metabolites (Bakkali, Averbeck, Averbeck, &
Idaomar, 2008). To investigate the possibility of using these
secondary metabolites or their constituents as natural disinfectants
for the food industry, EOs have been evaluated for their activity
against bioﬁlm formation (Chorianopoulos et al., 2008; Leonard,
Virijevic, Regnier, & Combrinck, 2010). However, literature exam-
ining the use of EOs in sanitizing solutions for bioﬁlm control is
currently limited. Thus, this study was aimed to evaluate the
sanitizing action of disinfectant solutions containing peppermint
(Mentha piperita) and lemongrass (Cymbopogon citratus) essential
oils against S. enterica serovar Enteritidis S64 bioﬁlm formation on
AISI 304 (#4) stainless steel.
2. Material and methods
2.1. Bacterial strain, standardization, inoculum preparation and
storage
The bacterial strain used in this research was S. enterica serovar
Enteritidis S64, which was kindly provided by the Oswaldo Cruz
Foundation (Rio de Janeiro, Brazil). Bacteria were reactivated in
a Tryptic Soy Broth medium (TSB, HiMedia, Mumbai, India) at 37 C
for 24 h. Next, cultures were pelleted by centrifugation (5000 g for
5 min at 25 C), covered by freezing culture medium and main-
tained under a freezing temperature (20 C) throughout the
experiment. Freezing culture medium consisted of the following
components adjusted to a ﬁnal pH of 7.2  0.2: 15% glycerol (Vetec,
Brazil), 0.5% bacteriological peptone, 0.3% yeast extract (Biolife,
Italiana Srl, Italy), and 0.5% NaCl. Standardization of cell counts was
carried out by growth curve. Bacterial populations in the inoculums
were determined by periodic absorbance readings at 600 nm for
optical density using a spectrophotometer (CARY Varian Inc.).
Throughout the growth curve analysis, cell counts were deter-
mined as log CFU/mL by serial dilution in peptone water 0.1% (w/v)
and subsequent enumeration on Tryptic Soy Agar (TSA) (HiMedia,
India) by plate counting; plates were grown at 37 C for 24 h prior
to colony enumeration.
2.2. Plant materials, EO extraction and chemical characterization
Fresh vegetal materials of peppermint (M. piperita) and
lemongrass (C. citratus) were collected at a medicinal plant garden
located at the Federal University of Lavras, Minas Gerais State, Brazil
(211404300S, 445905900W, altitude 919 m). Plants were harvested in
February 2010, during mild temperatures and a period without
rain; the fresh leaves were cut to maximize contact surface to lead
to higher extraction yields.
EO isolations were carried out following a methodology
proposed by Oliveira et al. (2011). The EOs were extracted by
hydrodistillation using a modiﬁed Clevenger apparatus. Brieﬂy,
fresh vegetal materials were placed in water in a 6000 mL volu-
metric distillation ﬂask. The ﬂask was coupled to the modiﬁed
Clevenger apparatus, and the extractionwas performed for 2 0.5 h
with the temperature maintained at 100  5 C. The obtained
hydrolate (water/oil fraction) was centrifuged at 321.8 g for 10 min
at 25 C. The EOs were collected with a Pasteur pipette, and watertraces were removedwith anhydrous sodium sulfate (Vetec, Brazil).
The oils were stored at 5  2 C in glass ﬂasks protected from light.
The extracted EOs were subjected to chromatographic analysis
aiming their quantitative and qualitative chemical analysis.
2.3. EO antimicrobial activity: assessment of minimum inhibitory
concentration (MIC)
To evaluate the inhibitory activity of the EOs and to determine
the MIC concentrations, the agar well diffusion method proposed
by Deans and Ritchie (1987) was used with slight modiﬁcations. A
total of 10 sterilized glass spheres (10 mm3 volume) were distrib-
uted on a previously solidiﬁed layer of Tryptic Soy Agar (TSA)
poured in 150 mm plates. Next, another layer of the same molten
culture medium at 45  2 C, inoculated with a revealing culture of
S. enterica Enteritidis S64 at a concentration of 108 CFU/mL
(OD600nm ¼ 1.320) was poured into the plates. After agar solidiﬁ-
cation, the glass spheres were removed to form microwells. Next,
10 mL of EOs diluted in a NaOH solution [1% NaOH (v/v), 0.5% Tween
80 (v/v)] were dispensed at concentrations of 500, 250, 125, 62.5,
31.25, 15.62, 7.8, and 3.9 mL/mL1; the negative control microwells
received only the diluent. A positive control was prepared with
a 1000 mg/L chloramphenicol solution. Plates were incubated at
37 C for 24 h and zones of inhibition were measured (mm) with
a digital caliper (Digimess, Brazil). The MIC was deﬁned as the
lowest EO concentration applied able to visibly inhibit the growth
of the tested microorganism (Delaquis, Stanich, Girard, & Mazza,
2002). Consistent with Nguefack, Budde, and Jakobsen (2004),
the antibacterial activity of the EOs was expressed in arbitrary units
per mL (AU mL1). Values were calculated using the following
formula: AU mL1 ¼ mean diameter (mm)  dilution factor  50.
2.4. Test surface, media and bioﬁlm formation model
The surface material chosen for bioﬁlm experiments was AISI
304 (#4) stainless steel. The utilized test surfaces were stainless
steel coupons (1 thickness  10  20 mm). Prior to initiating
bacterial cell adhesion and bioﬁlm formation, these coupons were
previously hygienized and sterilized. The hygienization procedure
was as follows: coupons were cleaned with 100% acetone, washed
by immersion in alkaline detergent [1% NaOH (w/v), pH 13.2] for
1 h, rinsed with sterilized distilled water, dried and cleaned with
70% alcohol (v/v). After the hygienization, coupons were washed
with sterilized distilled water and dried for 2 h at 60 C. For ster-
ilization, the coupons were autoclaved at 121 C for 15min (Rossoni
& Gaylarde, 2000).
The bioﬁlm formation model proposed by Gram, Bagge-Ravn,
Ng, Gymoese, and Vogel (2007) was utilized; however, the exper-
imental modiﬁcations suggested by Oliveira et al. (2010) were fol-
lowed. Brieﬂy, the experimental model consisted of a circular
stainless steel base, with two sub-divisions, each supporting 20
coupons vertically displaced (Fig. 1B). This system was placed in
a 1000 mL beaker, equipped with a magnetic bar and agitator to
allow circulation of the substrate culture medium between the
coupons (Fig. 1A). The system was aseptically closed and stored
under agitation at a pre-determined incubation temperature.
The culture medium used for the bioﬁlm development was
Tryptic Soy Broth (TSB, HiMedia, Mumbai, India).
2.5. Bacterial attachment and bioﬁlm development
The stainless steel circular base containing the coupons was
inserted into a 1000 mL beaker equipped with a magnetic bar; all
components were previously sterilized. Next, 900 mL of sterile TSB
medium was added to the beaker and subsequently inoculated
Fig. 1. Bioﬁlm formation model according to Oliveira et al. (2010), using Tryptic Soy Broth (TSB) as a media. (B) Stainless steel circular base supporting the stainless steel coupons
(1 (thickness)  10  20 mm). (A) The circular base immersed in a TSB at beaker with magnetic agitation.
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108 CFU/mL. The beaker was sealed and incubated at 37 C under
agitation (50 rpm). Every 48 h, the stainless steel coupons were
removed from the base and washed by immersion with sterile
phosphate buffered saline (PBS), pH 7.4 to remove non-adherent
bacterial cells. Next, the coupons were placed on to a new steril-
ized base and inserted into a separate beaker with sterile TSB
medium. This procedure was repeated ﬁve times, for a ﬁnal incu-
bation period of 240 h, the time required for mature bioﬁlm
formation (Joseph, Otta, Karunasagar, & Karunasagar, 2001).
2.6. EO-based solutions and sanitizing action against bioﬁlm
formation on coupons
After 240 h of incubation, the stainless steel coupons carrying
bioﬁlms were removed and treated with EO-based disinfectant
solutions. Brieﬂy, coupons were removed from the circular stainless
steel base andwashed by immersion in a saline solution (0.85%w/v)
to removenon-adherent bacterial cells; next, theywere immersed in
sanitizing solution [1% NaOH and 0.5% Tween 80 (used for EO dilu-
tion)]. The M. piperita or C. citratus EOs were added to the disinfec-
tant solutions at a concentration of 7.8 mL/mL1; this concentration
was the MIC concentration previously determined in antimicrobial
assays (item 2.3). EOs were not added to the control solutions.
The disinfectant action of each solution against the bacterial
cells adhered to the stainless steel coupon surface was evaluated
after 10, 20 and 40 min of contact carried out at room temperature
(25  4 C) under static conditions. After treatment, the remaining
adherent bacterial cells were quantiﬁed by the same procedures
described in item 2.7.
2.7. Enumeration of bioﬁlm cells
Bacterial cell quantiﬁcation was determined by direct plate
count during bioﬁlm formation (48, 96, 144, 192 and 240 h) andafter the 240 h coupons were treated with EO-based solutions (10,
20 and 40 min of contact). First, the coupons were randomly
sampled from the base and immersed in saline solution (0.85%
w/v), removing any sanitizing solution residue and/or unattached
bacterial cells. Next, bioﬁlm quantiﬁcation was assessed by
mechanical removal of adhered cells using sterile standard cotton
swabs. The swabs were transferred to tubes containing 10 mL of
peptone water (0.1% w/v) and submitted to vortex agitation for
2 min. Slurries were decimal serially diluted up to 1010 in peptone
water (0.1% w/v); aliquots (100 mL) of the sample dilutions were
spread on Petri dishes containing TSA medium. Plates were incu-
bated at 37 C for 24e48 h before the colonies were counted; cell
numbers are expressed as CFU/cm2.
2.8. Statistical analyses
In experiments, a 3 2 factorial scheme, with two EOs and three
contact times, was adopted. Data were obtained from three inde-
pendent bioﬁlm formation batches and means result from tripli-
cates. Data were subjected to analysis of variance (ANOVA), and the
comparison between different treatments was performed by
Turkey’s test adopting a 95% conﬁdence level. Statistical analyses
and plots were carried out using statistical R software version 2.10.1
(2004).
3. Results and discussion
As depicted in Table 1, the evaluated EOs showed powerful
antimicrobial activity against Salmonella Enteritidis. The variable
“EOs concentration” was signiﬁcant for both EOs evaluated; the
p-value was 2.2e16 for C. citratus and 1.146e12 for M. piperita.
Larger inhibition zones were observed for higher EO concentrations
tested, probably due to the higher concentration of active chemical
compounds. The minimum inhibitory concentration (MIC) for both
EOs was 7.80 mL/mL; at the MIC, the antimicrobial activity of
Table 1
Antimicrobial activity of lemongrass (Cymbopogon citratus) and peppermint (Mentha
piperita) expressed as arbitrary units per mL (AU mL1).
Concentration
(mL/mL1)
Antimicrobial activity  102 AU mL1 p-value
Cymbopogon citratus Mentha piperita
0.00 0.000  (0.00) 0.000  (0.00) 1.000
3.90 0.000  (0.00) 0.000  (0.00) 1.000
7.80 13.000  (4.68) 16.900  (1.30) 0.4676
15.62 44.256  (5.20) 39.050  (4.50) 0.4918
31.25 114.583  (10.41) 83.336  (13.78) 0.1448
62.50 281.250  (18.04) 218.750  (18.04) 0.07048
125.00 583.334  (41.66) 541.667  (83.33) 0.6779
250.00 1208.300  (41.66) 1208.333  (110.23) 1.000
500.00 2083.333  (83.33)* 1333.334  (83.33)* 0.003126
AU mL1 calculated using the following formula: mean diameter of inhibition zone
(mm)  dilution factor  50.
Means values  (Standard errors).
*Signiﬁcant difference (p  0.05) according to F-test.
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16.900  1.30 AU/mL, respectively. These antibacterial activity
values do not differ signiﬁcantly (p > 0.05). Among the concen-
trations tested, the activity differed signiﬁcantly between the two
EOs (p  0.05), only at 500.0 mL/mL, where the lemongrass EO was
more effective. As expected, no zones of inhibition were detected
for the control solutions (dilution solutions without EOs).
Regarding Salmonella strains, using the agar well diffusion assay,
Baratta et al. (1998) found an average inhibition zone of 21 mm for
lemongrass EO against Salmonella pullorum. C. citratus EO was
tested against S. enterica subsp. enterica serotype typhimurium by
Cimanga et al. (2002), who reported a 14 mm diameter zone of
inhibition. The antimicrobial effects of both EOs tested against
Salmonella Enteritidis was conﬁrmed, supporting their use in
disinfectant solutions for bioﬁlm control. The MIC concentrations
were 7.80 mL/mL for both EOs evaluated, and this concentrationwas
used in the EO-based sanitizing solution formulations.
The ability of Salmonella Enteritidis to adhere and form bioﬁlms
on stainless steel surfaces was demonstrated in Fig. 2. From an
initial inoculum of 108 CFU/mL, S. enterica Enteritidis adhered to
stainless steel coupons from TSB medium; the average adhered cell
count of 5.78 log CFU/cm2 was reached after a 48-h incubation
period at 37 C. The number of adhered cells remained almost
stable to the initial attached cell counts observed at 48 h of incu-
bation for up to 96 h of bioﬁlm formation in TSB medium (Fig. 2).
However, after 144 h of growth, the adhered cell counts increased,
and reached 6.80 and 7.76 log CFU/cm2 at 192 and 240 h of incu-
bation, respectively. Bioﬁlm formation by S. enterica serovar
Enteritidis on stainless steel surface using TSB medium wasFig. 2. Bacterial adherence and bioﬁlm formation by Salmonella enterica serotype
Enteritidis on stainless steel coupons (1 thickness  10  20 mm) AISI 304 (#4) using
Tryptic Soy Broth (TSB) as a media. Bacterial cell counts determined as a colony
forming units per cm2 (CFU/cm2).conﬁrmed by Giaouris and Nychas (2006); using a similar experi-
mental set up, these authors demonstrated that bioﬁlm population
density on stainless steel coupons reached approximately
6 log CFU/cm2 after approximately 15 days of incubation at 20 C. In
our studies, increased population density was detected in a shorter
incubation time; however, the incubation temperature employed
was higher.
The anti-bioﬁlm efﬁcacy of disinfectant EO-based solutions was
evaluated by quantifying viable bioﬁlm cells following disinfection.
The effect of each EO disinfectant solution was expressed as loga-
rithmic reduction between initial adhered cells and remaining
viable adhered cells following disinfection. Disinfection results are
presented in Table 2. For control solution treatments (1% sodium
hydroxide and 0.5% Tween 80), at 10 min of contact, the remaining
adhered cell count was 7.76 log CFU/cm2; a value equivalent to that
observed after 240 h of bioﬁlm incubation, indicating no effect of
the control solution at this contact time. However, a signiﬁcant
effect was observed for the control treatment assays with increased
contact time. After 40 min of contact, the remaining attached cell
population was lower (p  0.05) compared to the population
observed after 10 min of treatment; the ﬁnal attached bacterial
population for the control solution at 40 min was 5.18 log CFU/cm2.
For disinfectant solutions formulated with C. citratus or
M. piperita EOs at 7.80 mL/mL, signiﬁcant logarithmic population
reductions (p  0.05) were observed compared to control treat-
ments after 10 min of exposure. Were detected log reductions of
4.20 and 4.03 for lemongrass and peppermint EO, showing
respective ﬁnal attached cell counts of 3.56 and 3.73 log CFU/cm2.
These results demonstrate the anti-bioﬁlm effectiveness of the
disinfectant solutions employed. After 20 and 40min of EO solution
treatment, adhered cell counts were not detected; the bioﬁlm
counts were below the detection limit of plate counting method
(CFU/cm2 < 0.03). Treatment for 20 min with both EOs tested was
sufﬁcient for total removal of bioﬁlm formation by S. enterica
Enteritidis on stainless steel coupons. At 10 min of treatment the
effect of C. citratus did not differ signiﬁcantly (p > 0.05) from
M. piperita disinfectant solution. The American Public Health
Association recommends that physical or chemical disinfectants
should eliminate pathogenic bacteria and reduce the number of
deteriorating microorganisms to acceptable levels, such as
0.3 log CFU/cm2 of mesophilic aerobic microorganisms for stainless
steel surfaces at the end of the disinfection process (APHA, 1992).
Furthermore, according to Lelieveld, Mostert, Holah, and White
(2003, 391p), an appropriate disinfectant should have characteris-
tics such as broad spectrum activity, environmental resistance (pH,
water hardness, presence of organic matter), non-toxic, non-taint
and ease to use. The lemongrass and peppermint EOs solutions,
that fulﬁlled these recommendations, can be act as an efﬁcientTable 2
Bacterial counts of attached cells to stainless steel coupons AISI 304 (#4) after
treatment with sanitizing solutions with lemongrass (Cymbopogon citratus) or
peppermint (Mentha piperita) essential oils, expressed as log CFU/cm2, after 240 h
of bioﬁlm formation.
Essential oil Treatments/contact time (minutes)
10 20 40
Control 7.7673  (0.02)Aa 6.7506  (0.03)Ab 5.1834  (0.20)Ac
C. citratus 3.5610  (0.03)Ba 0.0000  (0.00)Bb 0.0000  (0.00)Bb
M. piperita 3.7326  (0.04)Ba 0.0000  (0.00)Bb 0.0000  (0.00)Bb
Sanitizing solution formulated with sodium hydroxide NaOH 1% added to Tween 80
0.5% and essential oils at 7.8 mL/mL1. Controls were run without essential oils.
Means values  standard errors.
Values followed by the different small letter within the same line, and by the
different capital letter within the same column, are signiﬁcantly different (p  0.05)
according to Turkey’s test.
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bioﬁlm formation in food processing industries. However, further
studies are required to prove that odor problems will not occur. It is
proved that conventional disinfectants employed in the food
industry (Chlorine releasing components, quaternary ammonium
compounds e Quack’s, amphoterics, iodine compounds or iodo-
phors, peracetic acid, acid anionic compounds) show a lot of
adverse effects including emerging resistance, off-taint and unac-
ceptable ﬂavors, toxicity and deteriorative reactions with surfaces
(Frank & Chmielewski, 1997).
The effect of C. citratus EO against bioﬁlm formation was
conﬁrmed by Oliveira et al. (2010), who afﬁrmed that approxi-
mately 100% of Listeria monocytogenes adhered cells were removed
after 60 min of treatment with a 1.5e3% EO disinfectant solution.
Peppermint EO has been shown to be effective against bioﬁlm
formation by Pseudomonas aeruginosa and Candida albicans
(Sandasi, Leonard, Van Vuuren, & Viljoen, 2011).
In EO treatments, a signiﬁcant effect of contact time on loga-
rithmic population reductions was observed; the populations that
remained after 20 and 40min of contact were lower (p 0.05) than
the populations measured after 10 min of treatment. These results
are consistent with the 2010 ﬁndings of Oliveira, Brugnera, Cardoso,
Alves and Piccoli. This group afﬁrmed that the antibacterial action
of essential oils initiates predominately through increasing
permeability of the cytoplasmic membrane, resulting in cell
content leakage; consequently, the longer the contact time
between the microorganisms and the EO solution, the greater the
loss of intracellular contents. Although bacteria can tolerate some
cell content loss while remaining viable, extensive loss of cell
contents or of essential molecules and ions causes cell death (Cox
et al., 2000).
4. Conclusions
Sanitizing solutions formulated with sodium hydroxide and
essential oils showed powerful anti-bioﬁlm effects after treat-
ments. The success of selected plant essential oils in inhibiting cell
attachment and bioﬁlm development indicates a promising tool for
reducing microbial colonization of food processing surfaces. Use of
natural antimicrobial agents could provide alternative or supple-
mental methods for the efﬁcient disinfection of microbe-
contaminated industrial surfaces.
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